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Abstract 

Background: Stroke is a time-dependent medical emergency in which early presentation to specialist care reduces 
death and dependency. Up to 70% of all stroke patients obtain first medical contact from the Emergency Medical 
Services (EMS). Identifying 'true stroke' from an EMS call is challenging, with over 50% of strokes being misclassified. 
The aim of this study was to evaluate the impact of the training package on the recognition of stroke by 
Emergency Medical Dispatchers (EMDs). 

Methods: This study took place in an ambulance service and a hospital in England using an interrupted time-series 
design. Suspected stroke patients were identified in one week blocks, every three weeks over an 18 month period, 
during which time the training was implemented. Patients were included if they had a diagnosis of stroke (EMS or 
hospital). The effect of the intervention on the accuracy of dispatch diagnosis was investigated using binomial 
(grouped) logistic regression. 

Results: In the Pre-implementation period EMDs correctly identified 63% of stroke patients; this increased to 80% 
Post-implementation. This change was significant (p=0.003), reflecting an improvement in identifying stroke patients 
relative to the Pre-implementation period both the During-implementation (OR=4.10 [95% CI 1.58 to 10.66]) and 
Post-implementation (OR=2.30 [95% CI 1.07 to 4.92]) periods. For patients with a final diagnosis of stroke who had 
been dispatched as stroke there was a marginally non-significant 2.8 minutes (95% CI -0.2 to 5.9 minutes, p=0.068) 
reduction between Pre- and Post-implementation periods from call to arrival of the ambulance at scene. 

Conclusions: This is the first study to develop, implement and evaluate the impact of a training package for EMDs with 
the aim of improving the recognition of stroke. Training led to a significant increase in the proportion of stroke patients 
dispatched as such by EMDs; a small reduction in time from call to arrival at scene by the ambulance also appeared likely. 
The training package has been endorsed by the UK Stroke Forum Education and Training, and is free to access on-line. 

Keywords: Emergency medical services, Emergency medical dispatchers, Stroke, Recognition training 



Background 

Stroke is a leading cause of mortality and disability world- 
wide [1] and is increasingly recognised as a time- 
dependent medical emergency in which early presentation 
to specialist care reduces death and dependency [2]. 

Up to 70% of all stroke patients obtain first medical con- 
tact from the Emergency Medical Services (EMS) [2-4]. 
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Calls to the EMS are triaged using Advanced Medical Pri- 
ority Dispatch System (AMPDS) [5], a system also used 
widely in Europe and North America. Emergency Medical 
Dispatchers (EMDs) use this system to categorise ambu- 
lance response and decide on the level of medical care 
sent. If the EMD suspects a time critical condition such as 
stroke, an ambulance can be dispatched as a high priority 
(category A, currently up to a 19 minute response). In the 
United Kingdom the categories for response prioritisation 
are pre-determined by the Department of Health. 
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Identifying 'true stroke' from an EMS call is challenging 
and unlike many other health care systems, EMDs in the 
UK have no specialist medical training. Although AMPDS 
is effective at ruling out acute stroke in people with other 
conditions, it is poor at correctly identifying acute stroke, 
with over 50% of strokes being misclassified [6-8]. It is im- 
portant that stroke is recognised at the earliest opportun- 
ity to ensure that an ambulance is dispatched with an 
appropriate level of priority, thereby facilitating early pres- 
entation and rapid specialist treatment such as thromboly- 
sis, where the benefits are highly time dependent. 

One way of facilitating rapid EMS transport to hospital, 
thereby improving the chance for early presentation is 
through enhancing communication between EMDs and 
the general public. Within this programme of research, we 
have previously explored the interaction between EMDs 
and the public during emergency calls for stroke, in order 
to inform the content of stroke-specific, on-line training 
for EMDs; this included exploring callers' experiences [9] 
and identifying the key words used by the public to de- 
scribe and that are indicative of stroke [10]. 

The aim of this study was to evaluate the impact of 
this newly developed stroke-specific, on-line training 
package on the recognition of stroke by EMDs, and on 
the impact of stroke recognition on the time between 
the call to EMS and stroke patients reaching hospital. 

Methods 

Design 

Interrupted time-series. 
Setting 

An ambulance service and a hospital in the North West of 
England. The ambulance service in this study receives ap- 
proximately 50,000 emergency calls each year, 1% of which 
are for suspected stroke. The hospital provides acute 
health care to a large urban population of around 330,000. 

Subjects and sampling 

Subjects were patients with suspected stroke arriving at 
hospital by ambulance during an 18 month period (16 th 
March 2009 to 29 th August 2010). For every three week 
period, we identified one week of consecutive patients (ar- 
rival at hospital between 0:00 hours on the Monday 
through to 11:59 hours the following Sunday). Each sam- 
pled week was deemed an observation. 

Inclusion criteria: patients who had a diagnosis of 
suspected stroke by the EMS call handler and/or a final 
diagnosis of stroke or TIA in hospital. Exclusion criteria: 
patients whose General Practitioner contacted the EMS 
on their behalf; patients who had a stroke while already an 
inpatient. The sample was identified through a retrospect- 
ive chart review of hospital and EMS records. Stroke pa- 
tients were identified in hospital from a comprehensive 



stroke register, which is regularly reviewed and updated 
during a patient's stay to ensure that only 'true' stroke pa- 
tients stay on the register. Additional patients were identi- 
fied from hospital by searching the hospital coding system 
and the Emergency Department (ED) records. Case notes 
were ordered for any patients recorded as stroke in the 
coding system or with stroke-like symptoms in the ED re- 
cords who were not on the register; the case notes were 
reviewed and the diagnosis checked by an experienced 
stroke research nurse. For all patients identified in hospital 
we obtained their EMS data. Independent from the data 
gathered in hospital, the EMS identified patients who had 
been dispatched as a stroke. The hospital case notes were 
obtained for all patients identified through the EMS. A pa- 
tient was considered to have a final diagnosis of stroke if 
they were discharged from the ED and the ED records 
stated stroke or if they were still on the stroke register at 
the time of discharge from hospital. 

Approval for this study was granted by the Patient Infor- 
mation Advisory Group (now the National Information 
Governance Board for Health and Social Care), the Local 
Research Ethics Committee and by the Faculty of Health 
Ethics Committee at the University of Central Lancashire. 

Procedure 

Data were recorded from the electronic patient report 
forms used by EMS staff, and the patient's hospital case 
notes using methodological standards for emergency ser- 
vices research [11,12]. Data were extracted by a trained re- 
search nurse in accordance with the study protocol, using a 
standardised data abstraction form. EMS report forms pro- 
vided data on dispatch code, ambulance diagnosis and the 
following event times: call made to EMS; ambulance ar- 
rived at scene; ambulance arrived at hospital. From the case 
notes and stroke register we recorded: demographics; side 
affected by the stroke; limbs affected by stroke; facial weak- 
ness; speech problems; conscious level; and final diagnosis. 
Also recorded were time of admission, and time of triage. 

Study data were divided into three periods: Pre- 
implementation - prior to training the EMS call handlers; 
During-implementation - during which 69 EMDs (2 
trainers and 67 EMDs) completed the training; Post- 
implementation - following completion of the training. 

An on-line training package was developed between 1st 
December 2008 and 30th June 2009 informed by the re- 
sults from previous phases of a programme of stroke re- 
search. The training package included information about: 

• What a stroke is 

• Common symptoms of stroke 

• Stroke mimics 

• The factors that influence the public's initial 
decision to contact the EMS at the onset of 
stroke symptoms 
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• The importance of effective communication between 
the EMD and caller 

• Who is most likely to contact the EMS for 
suspected stroke 

• How stroke symptoms may be described by the 
public during calls to the EMS 

• Stroke risk factors 

The training package took two hours to complete and 
included a post-training assessment, which consisted of 
17 multiple-choice questions. 

There were 9, 7 and 10 one-week blocks in the three pe- 
riods, respectively, giving a total of 26 observations. We 
dichotomised patient diagnosis as stroke or not stroke at 
the point of dispatch and for the final diagnosis. Time in- 
tervals from call to EMS and other key events (arrival at 
scene, arrival at hospital) were calculated (as described in 
Table 1). For each observation (i=l, 26) we produced 
the following outcome summary statistics for analysis: 

1. Proportion with final diagnosis stroke («,) dispatched 
as stroke (yi). 

2. Mean time interval between call and ambulance 
arrival at scene. 

3. Mean time interval between call and arrival at hospital. 

Data analysis 

Patient demographics, stroke characteristics and diagnosis 
data are presented overall and for each period. Time series 
plots are presented to illustrate trends for each outcome. 
The effect of the intervention on: 

1. accuracy of dispatch diagnosis was investigated using 
binomial (grouped) logistic regression, with the 
number of subjects with a dispatch diagnosis of 
stroke as the numerator and the number of subjects 
with a final diagnosis of stroke as denominator for 
each observation; 

2. call to arrival at scene and call to arrival at hospital 
were investigated using linear modelling, with 
observations weighted by that week's number 
admitted with a final diagnosis of stroke. 

Analysis was performed using complete cases, i.e. those 
with data available for both dispatch and final diagnosis. It 

Table 1 Time intervals and their method of calculation 

Time interval Method of calculation 

Call to arrival at scene Time ambulance arrived at scene 
minus time call made to EMS 

Call to arrival at Time ambulance arrived at hospital minus time call 

hospital made to EMS; If time arrived at hospital was missing, 

time of admission to hospital was used instead; if 
both these were missing, time of triage was used. 



was suspected that, given the non-contiguous nature of 
the observation periods, serial autocorrelation would be 
absent or weak. However, potential autocorrelation (due 
to the time of the weekly diagnosis rates and clustering 
[over-dispersion] of the accuracy within observations) was 
investigated; standard errors would be adjusted for any ob- 
served lack of independence or over-dispersion. 

Segmented regression models [13] included the inter- 
vention factor (pre; during; post: this segments the regres- 
sion model and allows a 'jump' in outcome on transition 
from one period to the next). An overall linear trend over 
the period of data collection and an interaction between 
the intervention factor and the linear trend (to allow the 
intervention to influence any underlying trend and to 
allow a gradual impact of the introduction of the interven- 
tion) were also included. Where there was no evidence of 
either an overall trend or difference in trend between pe- 
riods (p>0.15), the corresponding term was removed; find- 
ings from the more parsimonious model are presented. 
Sensitivity analysis was performed to assess the potential 
impact of missing dispatch and/or final diagnosis by im- 
puting possible diagnoses, including extreme imputations 
(dispatch diagnosis as 'not stroke' and final diagnosis as 
stroke) and vice-versa). For the time intervals, sensitivity 
analyses were performed by repeating the modelling on 
geometric rather than arithmetic means for each observa- 
tion (to reduce the potential influence of outlying times). 
Analysis was performed using SPSS (versions 19 and 20) 
and Intercooled Stata (version 11.0). Unless otherwise 
stated, inferential analyses used a 5% significance level; 
95% confidence intervals are presented. 

Results 

Over the 26 observation weeks, 464 patients met the 
study's inclusion criteria. Sixty-six patients were included 
due to a final diagnosis of stroke only, 251 patients were 
included due to having a stroke dispatch code only and 
147 patients met both these inclusion criteria. Their me- 
dian (IQR) age was 75 (62 to 83) years; 241 (51.9%) were 
female. Data were collected on 174 (mean 19.3 per week), 
116 (mean 16.6 per week) and 174 (mean 17.4 per week) 
patients over the Pre-, During-, and Post-implementation 
periods respectively. Dispatch data were available for 450 
patients and, of these, 398 (88.4%) were dispatched as 
stroke. A final confirmed diagnosis was recorded for 427 
patients, and of these 213 (50.2%) had a final diagnosis of 
stroke (Table 2). 

Of the 213 patients with a final diagnosis of stroke, 
dispatch data were available for 199, of whom 147 (73.9%) 
had been dispatched as stroke. The characteristics of the 
199 stroke patients are shown in Table 3. 

For the patients with a final diagnosis of stroke, the pro- 
portions dispatched as 'stroke' or 'not stroke' (dispatch 
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Table 2 Patient characteristics, dispatch category, and final diagnosis for the three periods and overall 



Pre(N=174) During (N=1 16) Post(N=174) Overall (N=464) 



Median age years (IQR) 


76 (65-82) 


74.5 (61-84) 


75 (62-83) 


75 (62-83) 


Female (%) 


81/174 (46.6) 


63/1 1 6 (54.3) 


97/174 (55.7) 


241/464 (51.9) 


Dispatched as stroke (%) (all diagnoses) 


134/168 (79.8) 


105/111 (94.6) 


159/171 (93.0) 


398/450 (88.4) 


Final Diagnosis of stroke (%) 


98/162 (60.5) 


53/1 06 (50.0) 


62/1 59 (39.0) 


213/427 (49.9) 



Denominator varies by row due to missing data. 



accuracy) for each of the three periods, and for each of the 
26 observations weeks are given in Table 4. 

Trends in the number dispatched as stroke and the 
number dispatched as not stroke are illustrated in Figure 1 
and the corresponding diagnostic accuracy is shown in 
Figure 2. Logistic regression showed no significant change 
in trend in diagnostic accuracy across the observation 
weeks (p=0.18), nor an overall trend in diagnostic accuracy 
across the observation weeks (p=0.85). However, a signifi- 
cant change in dispatch diagnosis accuracy between pe- 
riods was detected (p=0.003), reflecting an improvement 
in dispatch accuracy relative to the Pre-implementation 
period both the During-implementation (OR=4.10 [95% CI 
1.58 to 10.66]) and Post-implementation (OR=2.30 [95% 
CI 1.07 to 4.92]) periods; the difference in dispatch accur- 
acy between During- and Post-implementation periods was 
not significant (p=0.29). There was no evidence of (first- 
order) autocorrelation of residuals (r=-0.0123, p=0.95), so 
no adjustment of standard errors was necessary. These 
findings were robust to the various imputations applied: 
the difference between periods in proportions correctly 
dispatched as stroke was significant for all imputations, 
with p-values ranging from 0.001 to 0.017. When data 
from the During- and Post-implementation periods were 



combined and compared with the Pre-implementation 
data the overall effect of training was significant (p =0.002; 
OR=2.90 [95% CI 1.50 to 5.61]). 

For the 199 patients with a final diagnosis of stroke and 
dispatch data, time of call was missing for three (1.5%). Of 
the remainder, 25 had missing arrival at hospital time. 
Twenty-two of these had admission to hospital time 
recorded and one further patient had triage time recorded, 
so these were used for the time of arrival at hospital. One 
hundred and ninety four patients had mean (SD) call to 
arrival at scene 13.1 (12.0) minutes [median 9, IQR 7-15, 
range 3-99 minutes] and mean (SD) call to arrival at hos- 
pital 47.0 (16.3) [median 44, IQR 36-53, range 22-124 
minutes] . 

There was a marginally non- significant reduction in 
mean time from the EMS call to arrival of the ambulance 
at the scene of 2.8 minutes (95% CI -0.2 to 5.9 minutes, 
p=0.068) between Pre- and Post-Implementation periods 
(Table 5). However, these mean times increased signifi- 
cantly overall During-implementation (7.0 minutes; 95% 
CI 3.8 to 10.3 minutes, p<0.001). There was no evidence 
of autocorrelation of residuals (r=-0.16; p=0.40), so adjust- 
ment of standard errors was not deemed necessary. Over- 
all, there was no significant underlying trend in mean time 



Table 3 Characteristics of patients with final diagnosis of stroke dispatched as stroke 



Pre (N=92) 



During (N=48) 



Post (N=59) 



Overall (N=199) 



Median age years (IQR) 


76 (65 to 83) 


75 (64 to 83) 


75 (66 to 82) 


76 (65 to 83) 


Female (%) 


38/92 (41 .3) 


21/48 (43,8) 


25/59 (42.4) 


84/1 99 (422) 


Side affected by stroke: 










No clear lateralisation (%) 


23/88 (26.1) 


11/46 (23.9) 


10/58 (17.2) 


44/1 92 (23.0) 


Right side (%) 


31/88 (35.2) 


20/46 (43.5) 


21/58 (36.2) 


72/1 92 (38.0) 


Left Side (%) 


34/88 (38.6) 


1 5/46 (32.6) 


27/58 (46.6) 


76/1 92 (39.6) 


Arm weakness (%) 


47/87 (54.0) 


25/46 (54.3) 


24/53 (45.3) 


96/186 (51.6) 


Leg weakness (%) 


39/85 (45.9) 


21/46 (45.7) 


20/53 (37.7) 


80/1 84 (43.5) 


Facial weakness (%) 


43/81 (53.1) 


27/46 (58.7) 


23/53 (43.4) 


93/180 (52.0) 


Speech Problems (%) 


50/76 (65.8) 


29/42 (69.0) 


23/50 (46.0) 


102/168 (60.7) 


Conscious level 










Alert (%) 


74/88 (84.1) 


42/48 (87.5) 


57/59 (96.6) 


1 73/1 95 (89.0) 


Drowsy (%) 


9/88 (10.2) 


5/48 (10.4) 


2/59 (3.4) 


1 6/1 95 (8.2) 


Stupor (%) 


3/88 (3.4) 


0/48 (0) 


0/59 (0) 


3/195 (2.0) 


Coma (%) 


2/88 (2.3) 


1/48 (2.1) 


0/59 (0) 


3/195 (2.0) 
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Table 4 For each observation week and period of study, 
number of patients with a final diagnosis of stroke and 
number dispatched as stroke 



Period 

of 
study 


vveeK 


Observation 


Number with 
final diagnosis 
of stroke 


Number 
dispatched 
as stroke 


Percentage 
dispatched 
as stroke 


Pre 


1 


1 


16 


12 


75% 


Pre 


4 


2 


11 


/ 


64% 


Pre 


/ 


3 


11 


5 


45% 


Pre 


10 


4 


10 


6 


60% 


Pre 


13 


5 


1/ 


10 


59% 


Pre 


16 


6 


3 


3 


1 00% 


Pre 


19 


/ 


8 


6 


75% 


Pre 


22 


8 


11 


6 


55% 


Pre 


25 


9 


5 


3 


60% 


Pre 


TOTAL 




92 


58 


63% 


During 


28 


10 


3 


I 


33% 


During 


31 


11 


8 


6 


75% 


During 


34 


12 


/ 


7 


1 00% 


During 


37 


13 


10 


10 


1 00% 


During 


40 


14 


/ 


6 


86% 


During 


43 


15 


8 


8 


1 00% 


During 


46 


16 


5 


4 


80% 


During 


TOTAL 




48 


42 


88% 


Post 


49 


17 


3 


2 


67% 


Post 


52 


18 


4 


4 


1 00% 


Post 


55 


19 


6 


4 


67% 


Post 


58 


20 


5 


4 


80% 


Post 


61 


21 


8 


8 


1 00% 


Post 


64 


22 


7 


5 


71% 


Post 


67 


23 


4 


4 


1 00% 


Post 


70 


24 


8 


6 


75% 


Post 


73 


25 


/ 


6 


86% 


Post 


76 


26 


/ 


4 


57% 


Post 


TOTAL 




59 


4/ 


80% 


Overall 






199 


14/ 


74% 



from the EMS call to arrival of the ambulance at the scene 
(p=0.18) but potentially appeared to decline over the 
During-implementation period (p=0.081). Findings were 
similar when geometric rather than arithmetic means were 
modelled. Figure 3 shows the weekly mean times from call 
to arrival at scene and times from call to arrival at hospital. 

The mean call to arrival at hospital time was un- 
changed between Pre- and Post-implementation periods 
(difference -0.1 minutes; 95% CI -5.5 to 5.3 minutes, 
p=0.23). However, there was a significant short-term in- 
crease During-implementation of 7.9 minutes (95% CI 
2.2 to 13.6 minutes, p=0.009). There was no evidence of 



autocorrelation of residuals (r=-0.26, p=0.16), so adjust- 
ment of standard errors was not deemed necessary. 
Overall, there was a significant underlying trend in 
mean time from the EMS call to arrival of the ambu- 
lance at the scene (p=0.028) but no evidence that this 
underlying trend varied between periods (p=0.55). Find- 
ings were similar when geometric rather than arithmetic 
means were modelled. 

Discussion 

Implementation of stroke-specific on-line training resulted 
in an increased recognition of stroke by EMDs and at 
most a modest reduction in the time from the call to the 
ambulance's arrival at the scene. 

Prior to training, for every 10 stroke calls made, approxi- 
mately 6 were correcdy identified by the EMDs. This in- 
creased to 8 out of 10 after training was implemented and 
was just short of 9 out of 10 during implementation. The 
recognition of stroke even at baseline was much higher in 
comparison to previous reports in the literature, where 
studies have shown that EMD sensitivity for identifying 
stroke is below 50% [3,5,6]. One explanation for this may 
be the Face Arm Speech Time to dial 999 (FAST) mass 
multi-media public awareness campaign [14], which was 
coming to an end when Phase 8 started; may have raised 
awareness of stroke in both the public and EMDs. Despite 
the relatively high proportion correctly recognised as 
stroke by EMDs at baseline, the difference between pe- 
riods in proportions of strokes, correctly dispatched as 
such, was both clinically and statistically significant. This 
effect was robust to assumptions made about missing 
dispatch and final diagnosis, and there was no evidence of 
non-independence. The difference between Pre- and 
During-implementation in the proportions of strokes be- 
ing dispatched as such was seen as a step change close to 
the time that the training package was introduced, rather 
than a trend, evidence of which would have been visible 
through the use of an interrupted time series design. This 
step change strengthens the evidence for the effectiveness 
of the intervention because it suggests that the cause of 
the change happened close to the time of the introduction 
of the training, making it less plausible that it was due to 
an external influence. These proportions were similar or 
better During-implementation than Post-implementation. 
This slight reduction between During- and Post- 
implementation may indicate that the effect of the training 
had reduced slightly, but the difference between Pre- and 
Post-implementation was still significant, indicating that 
within the six months of Post-implementation the training 
was still having a beneficial effect on the EMDs. Neverthe- 
less, future studies should consider exploring the longer 
term impact of training. 

We believe that this is the first study to evaluate stroke 
training for EMDs and subsequently demonstrate an 
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improvement in the recognition of stroke by EMDs. To 
our knowledge, no previous studies have evaluated EMD 
training in relation to the recognition of stroke; therefore, 
this is the first study to improve the recognition of stroke 
by EMDs. Previous studies have evaluated educational 
programmes aimed at improving paramedic, hospital and 
community awareness [15]. This increased paramedic diag- 
nosis of stroke from 61% to 79% [15] and demonstrated 
that stroke specific training for EMS personnel can be ef- 
fective in improving stroke recognition. This suggests that 
there is a potential for increasing pre-hospital recognition 
of stroke further by including training for ambulance staff. 
In a previous study we have shown that on-line learning 
for EMS staff can increase stroke knowledge and provides 



the opportunity for continuing professional development 
[16], but in that study there was no assessment of diagnos- 
tic accuracy or timeliness of service. The training package 
also appeared to reduce pre-hospital delay in terms of call 
to arrival at scene by a small amount, although a statistical 
significant reduction was attained only during rather than 
post the implementation; however, no corresponding re- 
duction was observed in the time interval between call 
and arrival at hospital. One previous study, (that involved 
paramedic training including implementation of National 
Stroke Guidelines, the use of the Los Angeles Pre-hospital 
Stroke Scale, and a mass media campaign) reported that 
following the implementation of the package, the time 
from dispatch to arrival at hospital increased from 42.2 
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Table 5 Time in minutes from call to: arrival at scene; arrival at hospital; for patients with a final diagnosis of stroke 
and dispatch data 

Implementation Mean call to arrival Median call to arrival Mean call to arrival Median call to arrival 

period (n) at scene (SD) at scene (IQR) at hospital (SD) at hospital (IQR) 

Pre (88) 12.2(8.0) 10(8-14.8) 45.0(13.5) 43.5(37-50) 

During (48) 19.2(19.3) 12.5(7-21.8) 52.9(22.7) 48.0 (35.3-61.5) 

Post (58) 9.4(6.2) 8(6-10.3) 44.9(12.5) 43(36.0-52.0) 



minutes to 45.8 minutes [15]. Our study shows that EMD 
training not only improves recognition of stroke but may 
have the potential to contribute toward reducing pre- 
hospital delays, at least in terms of call to arrival at scene. 
There are potentially many factors that can influence the 
time between a call being made and a patient arriving at 
hospital, from the dispatch code and priority through to 
road conditions. An improvement in the correct identifica- 
tion of stroke patients has the greatest probability of influ- 
encing the time between call and arrival at scene through 
ensuring the correct dispatch code, vehicle, and priority 
are used. Our findings are consistent with such an effect. A 
recent study has reported that there was a significant in- 
crease in thrombolysis frequency and a shorter time to the 
stroke unit for patients who were given the highest 
dispatch priority (immediate ambulance), compared to an 
ambulance dispatch time of within 30 minutes [17]. This 
emphasises the importance of correctly identifying stroke 
patients, who can then be dispatched with a high level of 
priority, Category A in the UK. 

The reason that the effect on time from call to arrival at 
scene was not reflected in a reduced time from call to ar- 
rival at hospital is unclear. Also unclear is the reason for 
the pattern of times During-implementation, in particular 



the number of sharp increases and decreases. Potential ex- 
planations outside of the influence of the EMS include 
presence of road works, shorter daylight hours and the 
recording of data in December and early January. It is dif- 
ficult to provide explanations for these patterns, but sam- 
pling over longer time frames, to include the same annual 
periods, and/or increasing the frequency of observations 
number may have helped with interpreting the data. 

Limitations 

The nature of the intervention meant it could not be eval- 
uated as an individually-randomised controlled trial in a 
single centre and so we used an interrupted time-series 
design. While this design is not as robust as randomised 
controlled trial, it is the most robust of quasi-experimental 
designs, including a simple before and after study [13]. 
The intervention could have been evaluated using a stron- 
ger research design such as a cluster RCT, or even a 
stepped-wedge cluster RCT, but this would have meant a 
much larger scale study which would have been beyond 
the limit of the resources available. However, we recognise 
that this study provides only preliminary evidence of ef- 
fectiveness of the training package and further research of 
its effectiveness using a stronger research design on a 
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larger scale is merited. Moreover, the focus of this study 
was to evaluate the impact of a training package on the 
recognition of stroke by EMDs and on the time between 
the call to the EMS and arrival at hospital rather than 
evaluating the impact on clinical outcomes. Further re- 
search should also explore any impact that the training 
may have on other outcomes such as time to CT, thromb- 
olysis rates and survival. 

We tried to ensure that data capture was over a long 
period in order to obtain a large enough sample to demon- 
strate the impact of the intervention. By sampling over 18 
months we can be reasonably certain the sample was repre- 
sentative of the annual intake of stroke patients at the 
centre, and that there was unlikely to be an impact of sea- 
sonal variation. In contrast, an 18-months period was a 
relatively short time series and so has limited the potential 
for investigation and explanation of underlying trends in 
the data, for example, in the time from call to arrival at 
scene and hospital. If resources had allowed we could have 
increased the time periods over which the data were sam- 
pled, which would have allowed further exploration of 
trends; alternatively, we could have increased the sample 
size within each observation by sampling for more than 
seven days. Either or both of these approaches would have 
increased the numbers and allowed for greater variability in 
the data. However, this does not invalidate the findings of 
improved recognition of stroke by the EMDs and the mod- 
est reduction in times from Pre- to Post-implementation; 
effects were estimated with relatively good precision, 
evinced by the width of the confidence intervals. The accur- 
acy of the recognition of stroke by EMDs was evaluated 
over seven months in the Post-implementation period; any 
sustained changes in the level of stroke recognition beyond 
this time point are not known. 

There were differences in the average number of patients 
identified in the observation weeks between periods. In the 
Pre-implementation period there was an average of 10 pa- 
tients per observation week, but in the subsequent During- 
and Post-implementation periods there were on average 
approximately 7 and 6 six patients per week. Prior to the 
beginning of the study the national FAST mass media cam- 
paign [14] had just ended. This may explain the larger 
numbers of patients accessing hospital via the EMS in the 
Pre-implementation period. As the impact of the FAST 
campaign dwindled, more patients in the During- and 
Post-implementation periods may have accessed emer- 
gency health care by other means such as direct attendance 
at the ED and therefore would not have been included in 
our study. However, this difference in numbers is a reflec- 
tion of how people access health care rather than how they 
are dispatched; this would therefore not have impacted on 
the performance of the dispatchers in correctly dispatching 
stroke patients as such. It is also highly unlikely that the 
FAST campaign had an impact on our overall findings: the 



FAST campaign had ended 6 and 12 months prior to the 
During- and Post-implementation periods respectively, and 
so was unlikely to have had an influence on the study con- 
clusions. Supporting this assertion is the fact that whilst 
there was a significant difference in the number of stroke 
patients correctly dispatched as such between periods, 
there was no significant overall trend in observation week, 
suggesting that there were no strong external influences on 
correct dispatch rates over the period of the study. 

The intervention was implemented in one ambulance 
service, which may limit generalisability. Also, the EMD 
recognition of stroke at baseline was high compared with 
other studies, so it could be argued that the EMDs prior 
awareness of stroke facilitated further learning. The sam- 
ple was identified through a retrospective chart review of 
hospital and EMS records, meaning that the data collected 
for the study was dependent on previously documented 
information, and so it was not possible to verify the infor- 
mation through independent assessment. Given the nature 
of the data that were used, this is unlikely to have affected 
the results of the study: dispatch data are an objective 
measure of the code used by EMDs; the stroke register is 
comprehensive, has been in place over 17 years and is 
managed by an experienced team. 

Conclusions 

This is the first study to develop, implement and evaluate 
the impact of a training package for EMDs with the aim of 
improving the recognition of stroke. The findings suggest 
that in addition to improving the recognition of stroke by 
EMDs, the training may have the potential to contribute 
to a reduction in pre-hospital delays. Future research 
should explore any impact that the training may have on 
pre-hospital processes and clinical outcomes. 
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